The study of biological invasions has triggered the production of a diversity of concepts. The terminology has, however, often been applied inconsistently and inaccurately. This article lists and assesses the most commonly used terms and concepts in invasion ecology. In each case the most coherent definition and use is suggested.
Introduction
Over the last two centuries, the phenomenon of biological invasions has been elevated from an unavoidable, but not very serious, spin-off of human activities, to a serious encroachment on ecological integrity. The historical expansion of the relevance of invasion biology, and the associated trend towards homogenization and reduction of global biodiversity has even justified publication of an entire scientific journal devoted to this topic (Biological Invasions) . This expansion has also triggered the production of a diversity of concepts.
A number of authors have pointed out that the terminology related to non-native species has often been applied inconsistently (Pysˇek 1995; Mack 1996; Schwartz 1996; Bullock 1997 , Richardson et al. 2000 CBD 2001; Marco et al. 2002; Kowarik 2003) . This has lead to confusion in defining biological invasions. A common goal should be to reach conceptual agreement not only in the scientific literature, but also in how to interpret conservation treaties and laws in order to make sensible management priorities (Richardson et al. 2000; CBD 2001; Marco et al. 2002) . The lack of clear definitions has also been identified as a contributing factor behind the slow progress made in invasion ecology over the past 40 years (Davis and Thompson 2000) . In fact, the scientific literature on invasion ecology seems to be particularly well endowed with synonyms. Moreover, the terms used are often value laden and associative, for example when organisms are termed pests, weeds, or emerging diseases (e.g. Moore 1999; Hayes and Sliwa 2003) . Words and expressions coined by various stakeholder groups have added further to the confusion.
Terms and concepts always contain and imply more than the definitions provided by dictionaries, or the scientific literature. Interpretations and symbolic meanings follow all terms, differing between scientific schools or cultural contexts, and evolving over time. Nevertheless, terms and concepts represent the basis for communication of knowledge and understanding. It is therefore worth nearly every effort to reach for precise definitions, and also to follow a stringent line of consistent use.
Although attempts have been made to clarify the terms related to alien species (ex . Mu¨hlenbach 1979; Pysˇek 1995; Williamson and Fitter 1996; Richardson et al. 2000; Davis and Thompson 2000; Daehler 2001 ) invasion ecology is still burdened by inaccurate use of concepts. In this article we list and assess the most commonly used terms and concepts in invasion ecology. In each case the most coherent definition and use is suggested.
Approach
A literature study was conducted recording definitions of terms and concepts related to biological invasions and non-native organisms. Biological dictionaries, international treaties, and publications in scientific journals were examined. As far as possible, the primary source of the definitions was identified. The focus has been on relatively recent literature (past 30 years) and on English language literature to avoid confusion due to translation. Emphasis was put on terms that are not specific to any particular taxonomic group.
Results and discussion

Overview
The field of invasion biology has expanded beyond the 'classical biology' that concerns organisms within their natural distribution ( Figure 1 ). The discipline of invasion biology deals with traits of introduced non-native species, their ability to spread, their interactions with each other and with native species in receiving ecosystems Table 1 .
We selected 145 definitions related to invasion biology and non-native organisms (Appendix A.1). Out of these definitions, 102 were general and 43 were specific to taxonomic or other groups. The taxonomic groups listed in the definitions are plants (31), animals (15), pests (6), pathogens (4), bacteria (2) and fungus, microorganisms and virus (1) (Figure 2) . 11 of the definitions list more than one group.
Suggested terms of use
Native/indigenous/original Out of ten definitions, three refer to the organism's distribution in relation to its dispersal ability and three to presence previous to a defined time period. Six definitions classify indigenous species as those whose present distribution is independent of humans, while three only refer to undefined criteria such as 'occurring naturally'. Since natural communities are dynamic and continuously expand or retract their spatial distribution, it may in practice be difficult to distinguish native species (existing in an area due to their own means of dispersal) from those that have been introduced through human interventions. Classification of a species being native or alien has often been based on a variety of criteria, including emotional views, misinterpretations of fossil records, intuitive arguments, and uncritical acceptance of earlier classification (Webb 1985) . Webb (1985) suggested that those species that arrived before the beginning of the Neolithic period (about 7-8000 years BP) should be considered native species. Before the introduction of farming and animal husbandry, humans were an agent of dispersal equivalent to that of other animals. Other authors consider as native those species that have been present in prehistoric times, or since the last glaciation (about 14 000 BP) (Binggeli 1994; NCC 1990 as in Bullock et al. 1997; Manchester and Bullock 2000) . Les and Mehrhoff (1999) applied case specific definitions when looking at impacts of plant introductions subsequent to European settlement in New England. They defined indigenous species as those occurring in southern New England prior to 1496 AD, when the first European explorer came to the region. Problems of using specific temporal criteria include human-aided dispersal of organisms prior to the proposed dates and the lack of data to determine actual historical status (Schwartz 1996) .
Common to all these definitions is the recognition that at some point in the past, humans no longer acted as natural dispersal agents, but became the driving force reshuffling species beyond their dispersal limitations. Although the definitions vary, and even if the practical determination of the native status of a specific species can be problematic, the meaning of the terms denoting naturally occurring species does not appear to be controversial. Native species are those whose distribution is independent of humans.
Endemic
Endemic is a more restricted term, denoting a species that occurs only in a restricted region (eight of eight definitions). The geographic scale of 'restricted area' will obviously influence the degree to which an endemic species differs from a native species.
Non-native/alien/adventive/exotic/foreign/ non-indigenous/novel We were able to identify 20 definitions of non-native organisms. Morris (1992) defines the term 'exotic' merely with reference to synonyms ('foreign' and 'not native'). Three of the definitions refer to absence of the organism prior to a certain time period, 13 to the distribution of the organism being human mediated, two to the impact of the organism in the new area, and four to the extent that the species has established self-reproducing populations. The two last factors are better covered by other terms related to nonnative species. A definition based on IUCN (2000) is preferred, referring to the presence of an organism outside its dispersal potential. From this it is followed that non-native organisms are those whose distribution has been mitigated by humans. The term 'adventive' is not commonly used, with only three, non-conclusive definitions found in literature (Morris 1992; Bingelli 1994; Lawrence 2000) . We suggest the term as a synonym to terms describing non-native species.
Manchester and Bullock (2000) separate organisms whose dispersal has been mediated by humans (non-native, alien, non-indigenous) and those translocated independent of human activity (exotic). In our opinion 'translocated' implies an external agent, and we would recommend that the term 'immigrant' is better suited to denote organisms that become established in a new area independent of human introductions, i.e. through their own migratory abilities. Davis and Thompson (2000) discourage the use of terms like 'alien' and 'exotic' as their connotations could indicate that these species are governed by different ecological processes than natural immigrants. However, the terms do not refer to the ecological processes, but rather that there is an anthropogenic action that, directly or indirectly, causes the appearance of the non-native species. Moreover, we agree with Daehler (2001) that terms used in ecology not necessarily need to match their common English definition. The important factor is that they capture the ecological concept, and are given a precise definition.
Introduction/introduced
The terms 'introduction' and 'introduced' were in 17 out of 20 cases defined as non-native organisms intentionally or accidentally transferred by human agency. While 'introduction' is an act, 'introduced species' is a synonym to non-native species as indicated by four of the references (Bingelly 1994; ICES 1995; FAO 1996; Sutinen 2000) .
Out of the 20 definitions, three include the degree of establishment. IPPC (1997) and FAO (2000) define introduction as 'the entry of a pest leading to its establishment'. Establishment, or naturalization, does not necessarily follow the introduction of an organism. In fact, in most cases of introduction, the species does not establish self-reproducing populations (Williamson 1996) . Furthermore, the word 'pest' is highly subjective and not only applicable to non-native organisms (but see below). Williamson and Fitter (1996) define 'introduced' as being synonymous to 'feral' and 'casual'. However, these terms have other meanings, as described below.
Introductions act on regional to continental scales, when barriers between native and new ranges are crossed (Kowarik 2003) . In addition to 'introduction', Kowarik (2003) uses the expression 'secondary releases' when species are moved within the new range. The criteria for using 'secondary release' instead of 'introduction' may be somewhat arbitrary, but under certain conditions this may be a useful distinction. A relevant example is the introduction of the North American signal crayfish (Pasifastacus leniusculus) to Europe (Italy) in the 1860s. To compensate for over-harvesting of the native crayfish species (Astacus astacus and others), signal crayfish from introduced stocks in Italy and elsewhere subsequently became subject to secondary releases in ever new freshwater systems over most of Europe (Sandlund and Bongard 2000) .
Transferred/translocated/transplanted
Organisms that have been moved by humans within their present ranges have been referred to as 'transferred species' (ICES 1995; FAO 1996) . Translocation has been defined as movement of an organism from one place to another (Bullock et al. 1997 based on NCC 1990 Lawrence 2000) , and as movement within the organism's range (IUCN 1995) . A transplanted organism has also been defined in terms of being moved from one place to another (Morris 1992) , as well as being transported and released within its present range (ICES 1995) . The definitions of translocated and transplanted are few and not very precise. We propose that the terms 'transferred', 'translocated' and 'transplanted' should be used to describe human mediated movement of species within their native range, whereas 'introduced' should be used when species are moved beyond their natural range and dispersal potential.
Immigrant
Lawrence (2000) defines immigrant species as those that migrate into an ecosystem, or are introduced by humans. The latter situation is covered by 'introduced species', and 'immigrant species' should be reserved to cover species that move into a new area without the aid of humans.
Escaped/feral (for domesticated species) Escaped organisms have been defined as plants or animals originally domesticated that are found in the wild. While the definitions of 'escape' do not refer to the origin of the organism, three out of five definitions of 'feral' specify that the organisms have reverted to their wild state. We suggest that 'escape' should refer to non-native, while 'feral' should refer to native organisms that following escape or release from domestication now live in the wild. The degree of establishment is included in some of the definitions of escaped and feral organisms. To prevent overlapping of meaning of terms, degree of establishment should be specified using separate terms.
Transient/casual Species that do not form self-sustaining populations may generally be termed transient or casual. Thus, the terms may apply to both native species in marginal non-permanent populations, to immigrant species occurring somewhere for a limited period of time, and to non-native species whose persistence rely on repeated introductions. The latter group may be referred to as 'transient non-native' or 'casual non-native' (Mack 1996; Richardson et al. 2000) . We would recommend that the terms 'transient' and 'casual' may be used for all the three situations above, but always together with a qualifying term like, e.g., 'non-native'.
Naturalized/established
Both terms refer to organisms that have established a self-sustaining population.
All of the ten definitions found in literature specify that a naturalized species is novel to the region. 'Naturalized' should be used to describe non-native organisms that have established as self sustaining populations. Thus, naturalization is the outcome of an establishment process of nonnative organisms (Holmes and Stroud 1995) . Allaby (1998) defines a naturalized species as a non-native that has invaded a native community, while Mack (1996) and Richardson et al. (2000) stress that the occurrence of a naturalized organism may not develop into an invasion. The latter use is recommended as it reduces overlap between a weaker term, 'naturalized' and a stronger term, 'invasion'. Holmes and Stroud (1995) suggest further specifications of naturalization according to whether the species was originally domesticated, non-domestic naturally occurring, or non-native.
'Established' has been used to refer solely to pest organisms (three out of six definitions), one refer to organisms deliberately transferred from one area to another (non-native) while two definitions do not specify. We suggest that 'established' should be used as a general ecological term referring to both native and non-native organisms that have obtained self-sustaining populations.
Re-introduction/re-establishment/re-stocking The term 're-introduced' is defined as the intentional release of organisms into a part of their former natural range (six out of six definitions). Holmes and Stroud (1995) , however, claim that re-introduction implies that the species was introduced in the first place and suggest 're-established' as a more precise term. We suggest that 're-introduced' should be used to mean introduction of organisms into a part of former natural range from where it has been extirpated. 'Re-established' should mean that the species itself manages to re-colonize a former area; and that 're-stocking' should cover releases of organisms to supplement wild populations already present (four out of four definitions), like, e.g., the common practice when fish species for recreational purposes are re-stocked into localities where the harvest is above a sustainable level.
Invasion/invasive
An invasion is a colonization process, but it is distinguished from succession ('a natural change in the structure and species composition of a community' (Chapman and Reiss 1999) ) by being restricted to describe the spread of a non-native organism. 'Invasion' can be used synonymously to 'secondary spread'.
In the literature, 'invasive' has largely been used to deal with alien or non-native species (Pysˇek 1995; Richardson et al. 2000) . Invasive organisms have established and are expanding their range in an area where they previously did not occur. Out of 14 references, 11 specify that invasive organisms are non-native, and eight that the invasion has a negative effect on the native community. Eight references specify that invasive organisms expand their range. We suggest that the word 'invasive' should be used to refer only to non-native organisms that expand their range on their own accord. This makes it relevant to define and specify invasive traits, such as the ability to spread, strong competitive ability, etc. Any organism entering a new area will have an effect on their new community. The consequences of invasions and how they are perceived should, however, not be included in the definition of 'invasive', but rather be expressed by other terms (see below). Pysˇek (1995) suggests that invasive species should be used as synonymous to alien, due to difficulties related to, and a general lack of, studies documenting spread of aliens. Regardless of this (somewhat peculiar) argument, he suggests to define invasive as aliens whose abundance is increasing. Furthermore, he suggests that 'invasive' is synonymous to 'naturalized'. As argued above, a naturalized species need not become invasive.
Richardson et al. (2000) define the invasive status of plants according to rate of spread (>100 m in <50 years for taxa spreading by seeds and other propagules, >6 m per 3 years for taxa spreading by roots, rhizomes, stolons, or creeping stems). Although these criteria are fairly arbitrary, they can be useful in practice when defining the invasive status within a comparable group of plants. These criteria are obviously not appropriate for all taxa as the potential rate and degree of spread differ significantly between organisms. Defining measurable criteria of invasive status must therefore be seen in relation to the potential growth and rate of spread of the organism concerned. The distinction between non-invasive and invasive can, however, be imprecise, as spread is partly a function of time since establishment, which is often unknown (Kolar and Lodge 2001) .
The term 'invasive' is now generally accepted in international management activities relating to this issue as an environmental problem, as the expression 'invasive alien species (IAS) is generally used by both the Convention on Biological Diversity (CBD; http://www.biodiv.org), the Global Invasive Species Programme (GISP; http:// www.gisp.org), and by IUCN's Invasive Species Specialist Group (http://www.issg.org).
Pest/weed /harmful-, nuisance-species/problem plants/biological pollutants Some authors claim that introduced species may not have significant impact on the native ecosystem (Mooney and Hobbs 2000; FAO 2003) . Considering all the possible direct and indirect interactions in an ecosystem, it is hard to see that a novel organism will not have any effect at all on the new system. But effects clearly range from barely detectable to large scale alterations with displacement or loss of biodiversity, reduction in economic value, etc. The assessment of negative effects is always determined by the focus and scale of study as well as social and economic consequences. This is further complicated by the often diverging values of interest groups. Furthermore, the perception of the non-native organism may change over time (Starfinger et al. 2003) . The evaluation of the effects of non-native organisms has triggered the use of terms such as 'pest', or 'weed'. Other less common terms include 'harmful species', 'nuisance species', 'problem plants' and 'biological pollutants'.
'Pest' and 'weed' are subjective terms describing any organism regarded as harmful/having negative effects. Pests have been defined as organisms being unpleasant to humans (seven out of 12 definitions), detrimental to plants, plant products or crops (eight out of 12 definitions), harmful to animals (one out of 12 definitions), and to the environment in general (one out of 12 definitions).
Three out of 12 definitions of ''pest'' describe animals as pests, three of 12 describe plants as pests, and seven of 12 concern organisms in general as pests. We suggest a definition that includes organisms that are invasive, and directly or indirectly have a negative effect on humans or are perceived as unwanted in terms of economy, health, or environment. This definition is nonexclusive when it comes to taxonomic reference and is in accordance with the majority of the definitions, stressing the impact on human well being. 'Weeds' refer specifically to undesirable plants (all five definitions). Only Godman and Payne (1996) restrict weeds to be plants growing in cultivated areas. Rather than restricting the definition to anthropogenically altered areas, one might specify the habitat where a specific organism is undesirable. The terms 'pest' and 'weed' may be applied both to non-native and native organisms.
The definition of pest has been criticized for being socio-economically based and therefore having a tenuous ecological meaning. The terms 'pest' and 'weed' are based on societal or socioeconomic values and we suggest that their use should be followed by a more detailed description of what kind of pest an organism represent, and for whom. For example, for local farmers an introduced or native plant or insect may become a pest requiring a certain management response, including costs and benefits.
Transformer/ecosystem engineer/environmental weeds Terms only describing ecological processes include 'transformers', 'ecosystem engineers' and 'environmental weeds'. 'Transformers' are organisms that change the character, condition, form or nature of ecosystems over a substantial area relative to the extent of that ecosystem (Wells et al. 1986 ). Organisms controlling the availability of resources to other organisms by causing physical state changes are referred to as 'Physical ecosystem engineers' (Jones et al. 1997) . Although used in the context of non-native organisms (Wells et al. 1986; Crooks 2002) , the terms are not specifically defined to be restricted to non-native organisms. 'Environmental weeds' are specified to be non-native plants affecting biodiversity and/or ecosystem functioning (Humphries et al 1991 as in Randall 1996) . All three terms describe organisms that have clear ecosystem impacts and therefore should receive extra attention.
Conclusion
The growing scientific field of invasion biology has suffered from its often confusing use of terms. Synonyms have been too many, many terms have not been properly defined, and the use of terms and concepts has not been consistent. Further, the definitions of terms have been related to specific taxonomic groups, most often plants. This may have created more taxonomic barriers (e.g. plants vs animals) than necessary between invasion biologists and thus reduced valuable communication. When discussing biological invasions in general terms, it is important to use terms that include all types of organisms rather than more specific terms. The generality (or specificity) of the knowledge should be reflected in the generality (or specificity) of the concepts.
Conceptual confusion, value laden terms, and taxonomy-based barriers within the field of invasion biology are all unnecessary and will lead to a reduced generality of the conclusions drawn. We encourage all invasion biologists to tighten up their use of terms and concepts for a common goal of clarity, and also to be explicit in defining their terms and concepts.
Appendix A Appendix A.1. Overview of the 145 selected concepts and definitions as used in the literature, sorted to 10 main categories.
Term
Definition Reference
Indigenous
Describes an organism growing naturally in the area, rather than one that has been introduced
Godman and Payne 1986
Indigenous species A native species which is not necessarily restricted in its distribution to a particular lake, drainage system or biogeographical region. A species which naturally occur in southern Africa as well as in other parts of Africa is therefore indigenous to southern Africa but not endemic to that region Pest or pathogen limited to a certain region or occurring continuously in a given region
Endemic species A species that is restricted in its distribution to a particular lake, drainage system or biogeographical region Moor and Bruton 1988 Endemic Of or relating to a native species or population occurring under highly restricted conditions due to the presence of a unique environmental factor that limits its distribution
Morris 1992
Endemic A species, race or other taxon that is restricted to a particular country or region Bullock et al. 1997 Endemism The situation in which a species or other taxonomic group is restricted to a particular geographic region, owing to factors such as isolation or response to soil or climatic conditions An introduced species UKINC 1979 Alien, non-native, non-indigenous, foreign, exotic species Species, subspecies, or lower taxon occurring outside its natural range (past or present) and dispersal potential (i.e. outside the range it occupies naturally or could not occupy without direct or indirect introduction or care by humans) and includes any part, gamets or propagule of such species that might survive and subsequently reproduce
IUCN 2000
Alien, non-indigenous, non-native, exotic Species or race that does not occur naturally in an area, i.e. it has not previously occurred there, or its dispersal into the area has been mediated by humans. Usually assumed that species that have colonized since the Neolithic are non-native.
Manchester and Bullock 2000
Alien, exotic, non-native, non-indigenous plants Plant taxa in a given area whose presence is due to intentional or accidental introduction as a result of human activity Richardson et al. 2000 Alien, introduced, exotic, non-indigenous species A species that has been transported by human activity, intentional or accidental, into a region where it does not naturally occur Sutinen, J.G. 2000.
Exotic
Of foreign origin; not native to the region in which it is found Morris 1992 Exotic Not native to a particular country, ecosystem or ecoarea (applied to organisms intentionally or accidentally introduced as a result of human activities)
ISPM 1996
Exotic species Species not native to a particular area which may pose a risk to endemic species. 
Non-indigenous
Those species that did not occur geographically within a particularly defined region prior to some predetermined period
Les and Mehrhoff 1999
Non-indigenous, exotic, introduced species
Any species intentionally or accidentally transported and released by humans into an environment outside its present range
FAO 1996
Non-native A species or race that does not occur naturally in an area, i.e. it has never occurred there or its dispersal into the area has been mediated by humans. Bullock et al. 1997 Introduced species Non-indigenous species/exotic species. Any species intentionally or accidentally transported and released by humans into an environment outside its present range 
